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This report has been prepared in accordance with Article II of contract
NAS 5-11559.
The purpose of this report is to inform the GSFC Technical Officer of the




The breadboard has been completedd and is delivered with this report.
The following modifications and/or optimizations have been incorporated;
EL.
	
The change from a +7V supply voltage to +12V has not been
incorporated. To maintain the power dissipation at the
present low level, while increasing the supply voltage, is
not feasible. The - 70 percent increase in supply voltage
would require a power dissipation increase of approximately
35 percent. In addition, this would change the stress on
several components making it necessary to change their
voltage ratings with a consequent increase in size.
b.	 The breadboard is capable of demonstrating a fuse of any
rating from 16 amp to 3 amps. In particular, ratings of 16 ,
and 3 amps will be demonstrated.
C.	 Energy storage is provided to allow circuit operation for





d.	 Capability of ground commands to open or close the relay,
even in the event of a collector emitter short on Qq, is
provided.
C.
	 The time delay versus temperature is significantly improved.
I
	 f.	 The fusing point accuracy versus temperature is stabilized.
g.	 The time delay variation versus supply voltage changes is
reduced.
The modifications /opt'imizat'ions of the circuit have been incorporated
only after careful consideration of their effect on reproduc ability, manu-




The QSF'C evaluation will find that the improved circuit exceeds the speci-
fications. Recommendations from CSF'C as a result of this evaluation






The schematic diagram, Figure 1, shows the original circuit before the
modifications /optimizations. 	 Figure 2 is the schematic diagram of the
improved circuit.	 Where possible, the desirable electrical characteristics
r i.e. , simplicity, low
	
ower consumption, reliabilit y) of tbLe original^ p	P'^	 g.
circuit have been preserved, while its capabilities and environmental per-
formance have been enhanced.
2.1.1	 Fuse Rating
For the capability of adjusting the fuse to 6 ,	 S , or 3 amp ratings,
there are two basic design approaches.
n.
1.	 Adjust the bi7,s current through the sense winding of the
transformer for each fuse rating.
2.	 Use a basic 6 amp fuse circuit configuration, and use
` precision shunts to shunt the additional fused current
around the control winding for higher fuse ratings.
Approach 1 above has several disadvantages:
a.	 The power drain of the circuit increases with the bias current.
b.	 The transformer for currents of i amp and greater would
have to be of g reater cross sectional area (more iron).
C,	 The temperature compensation of the JFET would probably
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Design approach  2 is used and allows a basic am circuit configuration 1 p	 	 g
to handle currents up to the c.:-.pabilityy of the latching relay, With this
,.	 s	 ,configuration, a hunt., which has been calculated and./oa. adjusted to give
the desired fusing point, is simply inserted in parallel with the control
winding. Since the control winding is magnetically coupled to an a, c.
circuit (lkl;lr) the shunt must present an inductive reactance which is much
greater than the inductive reactance of the control winding turns. This
makes it necessary to insert a high permeability materia,l, in the shunt.
Thus, for each fuse rating a shunt wound on a for oid is used to give the
desired fusing point. This approach gives great versatility to the fuse
since there is simply a basic i amp fuse circuit, and the rating is changed
with different shunts.
The shunts are of magnet wire having a length equal to that of the control
winding, but with a cross sectional area proportional to the increase in
fusing point desired, Thus, if the control turns wire is 25 cm long and 40
circular mils gives a if amp fuse, in order to obtain a i amp fuse requires
that the circular mils total be 8 x 40 = 320 cir mils. Subtracting the 40
cir mils already on the control, winding gives 280 circular mils to be added in
i	 shunt and of length 25 cm. When wire selections are such that 280 circular
mils is not conveniently obtained, the length of the shunt is adjusted to obtain




Two capacitors, C 15 and C 14,have been added to the original circuit. C15
provides storage of energy to operate the fuse circuit for approximately
one second following a supply voltage failure. C1 4provides energy storage
to operate the relay after the circuit has operated through the time delay.
The storage capacitor for the relay is inserted in the circuit so as not to
aid capacitor `C15 in operating the circuit. Thus, C14 remai.ns fully charged
until the time delay period has been completed and then delivers its full




2 Pc tc	 2 Pr tr
Cir 2	 2	 C14	 2	 11V0 " V1 	 V0 ' V1
where	 Pc Power requirennent of the circa t (3.4 x 10-3W)
°	 tc	 Time circuit must operate (1.0 seconds)
Pr = Power requirement of relay
k '	 tr =•Time power must be applied to relay (5 x 10 - 3 sec.)
V0 	Voltage capacitor is charged to initially (7, 0V)
V 1 	Voltage capacitor is allowed to discharge to in
tc or tr (5.5V)
Thus
C15'^ 2 (3.4) 10-3 (1.0) 
= 358 pfd
49 30
4921  67 5 10"3tC14= --- 7 19 -- --	 = 383 µ fd
In the circuit each capacitor is 390 pfd.
An interesting consideration is: When the 7V drops suddenly or significantly,
will the overload current be of such magnitude that the time delay would always
be 0. 1 second or less. If so, the capacitor C, 5 need only supply energy for
0. 1 second (tc). '.Chenr'15 could be reduced to one -tenth of that calculated
above with a considerable saving in tixe size of the capacitor. Or capacitor
cou supply this energy by adding a iod^e 5^x parallel with re sistor ItC14 ld	 P Y	 gY	 40 1
with its cathode at Es and anode on the Q 9 emitter. The diode ( CR1 4) is
then not necessary,  
2.1.3 Command Operation
Provision to ensure the capability of remotely opening or closing the fuse
by commands has been incorporated. R40 is added to ensure that the fuse






It is noted in Figure 2, that diodes have been used in all cases to tempera-
ture compensate the circuit. This has several advantages over sensistors
or thermistors:
a. The change in forward voltage of a diode with temperature
will approximately track the Vbe of the transistor which is
causing the temperature dependence.
b.	 Thick film or thin film is more feasible with diodes than
s	
sensistors/thermistors.




2.2.1	 Time Delay Versus 1.7 mporature and Overloa d Current
The delay time required to open the fuse as a function of temperature and
overload current has been improved and a curve of the circuit character-
istic is shown on Figure 3. The circuit configuration is such that this
characteristic may be conveniently modified to change: the curves , slope,
its minimum time delay, and the overload at which the time delay begins






Vbe of Q 8 - (nominally 2OC )C
Temperature coefficient of C9 - (nominally mi parts )
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 In some situations, only two of the three
.
 diodes may be
necessary. This is dependent on the amount of compensation required.
To provide the inverse time delay with overload current it is necessary
to amplify and provide control of the d. c. level of the signal fed back from
R2 6. This added amplifier provides convenient control over the i f versus
td characteristic.
Transient Response
The circuit has a feature incorporated to. allow high current transients
through the fuse without opening. Tliis provision is a function of resistor
if	 R36, which establishes the minimum time delay at high overload currents.The sketch below shows the effect of R36 . This is considered a very valu-
able feature in that it may be easily adjusted to meet the need of a particular
experimenters transient requirements.
1.0 R36 = 10k
a
N 4,R36 ^ 24k
:3	 R
U	 32
I	 Slope f R3
r i	 Point at which delay begins





Since the transformer is the component which detects the current overload,
the fusing point accuracy is affected by the transformer hysteresis. The
bias current flowing in the sense winding magnetizes the transformer
center core. A residual magnetism will remain in this core, even with
the bias current removed due to the coercive force of the magnetic material.
2-5
fCurrent overloads applied for a sufficient period of time will negate somePP	 P	 g
of the magnetization due to the bias current and thus lower the point (over-
rent	 h'	 t fuse it	 oload cur ) at w ich he 	 w 1 open. Laboratory tests of this effect
show that with the time delays of 1.0 seconds or less, the effect is approxi-
mately 5 percent.
2.2.2	 Time Delay Stability Versus Supply Voltage Changes
To compensate the circuit against changes in supply voltage, several
,a
voltage reference diodes were added, The choice here was to either
regulate the input voltage which would increase the power drain or regu-
late the individual circuit signals. The latter technique was employed.
'	 2.2.3 Fusing Point Accuracy Versus Temperature
.,rThe fusing, point is affected by changes in the bias current through the
sense winding of the transformers. The JFET (2N3459) Q 12 is a con-
-...,	 scant current source and must either be biased where its temperature
coefficient is zero or be temperature compensated. JFET's exhibit a
temperature characteristic where for high currents (id) the temperature
coefficient is negative and for low currents it is positive.
In the circuit application, the bias current (i b) is low (;z, 20µA) and the
FET temperature coefficient is positive. Without compensation, the
fusing point will increase with increasing temperature, if other effects
may be neglected. To compensate for this effect, diode compensation
may be added as shown below:
+7
If the net effect of other variables is to decrease the fusing point with
temperature, the PE7' may be compensated as shown below:
G n
S
An interesting and perhaps valuable consequence of this compensation is
that almost any fusing point characteristic versus temperature may be
obtained. since many of the equipments_,to . be fused in a spacecraft draw
increasing current with increasing temperature, a positive slope to the
fuse characteristic may be desirable and can be easily obtained.
Conversely, if a negative slope is desired, it may easily be obtained. If
a single diode greatly over compensates the PET, then sensistors/therm-
istors must be used. The amount of compensation required is a function
of the individual PET. The variation of temperature coefficients between
PET's within the family of 2N3459's has not yet been established. The
particular PET in the circuit does not need compensation; however, a












3.1	 PHYSICAL, SIZE OF FUSE
The physical size of a fuse is dependent on the desired current rating.
The largest of the components for a fuse are:
a. The relay
b. The storage capacitors
C,	 The transformer
d.	 Transformer shunts
The relay used on the breadboard (P&B FLH 11D) has a 5A rating and is
large. For a am fuse a smaller relay normally would bephysically 
	 g	 l	 P	 Y	 Y
used. Such a relay would be the size of a TO-5 transistor can.
The two storage capacitors are large, but necessarily so if this feature
is to be retained.	 µ	 Y •
The transformer size is as small as feasible. Also, the size of the
toroids for the shunts are essential, unless the transformer is made
larger. The toroids supplied with the breadboard are not of optimum
size. The window area need only be large enough for 6 to 8 turns of
wire. Thus, the toroids could be reduced by a factor of 3 to 5 times.
3.2	 THICK FILM PROCESS
The thick film packaging will reduce the circuit size considerably; however,
large components listed in paragraph 3. 1 must be mounted externally.







characteristics, Critical components to be determined at test will be added
externally to the package. This is necessary since the thick ;film compo-
nents will have temperature characteristics different from those used in
the breadboard. In addition, slight changes in the transformer character-
istics will require circuit adjustments. When several thick film circuits
and transformers have been manufactured and the variation of parameters
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A B ^. EE E T'lC	 I
F7USE
1714 g	 SCHEMATIC
CODE IDENT NO. SIZE
1 06141 i D 1 01 - 24	 101
SCALE	 I	 I SHEET
ftDOUZ NFL=
